Abstract 45 granite crushers and 45 age and smoking matched referents underwent pulmonary function tests in 1976 and 1988. On average, the granite crushers at follow up had worked for 22 years, were 52 (range 36-78) years old, and had inhaled a cumulated amount of 7 mg of silica in the respirable dust fraction. Between 1976 and 1988 the average concentration of respirable quartz in air was 0 16 mg/m3 (threshold limit value (TLV) = 0-10 mg/m3). In 1988 the granite crushers had somewhat lower forced expiratory flows (forced expiratory volume in one secondivital capacity (FEVj/VC) -4-5% and forced midexpiratory flow FEFSO -15%) compared with the referents and a more uneven ventilation distribution (17% higher slope of phase III in the nitrogen single breath curve). Five smoking granite crushers, but none of the referents, had an FEV, < 80% of the predicted. During the 12 year interval the granite crushers had-compared with the matched referents-a greater decrease in FEV1 (-4.6%), FEVIVC (-5.4%), maximal expiratory flow, (-8%) and FEF,o (-14%), and a larger increase in phase III and static compliance (p < 0-02 in all variables). The functional changes suggest the presence of airways obstruction and increased compliance of the lungs. Exposure to silica at concentrations of about twice the present TLV was thus associated with airways obstruction and loss of elastic recoil rather than fibrosis and a restrictive function loss as seen in silicosis. The changes were on average small, but in some tobacco smokers more pronounced changes were found.
Abstract 45 granite crushers and 45 age and smoking matched referents underwent pulmonary function tests in 1976 and 1988. On average, the granite crushers at follow up had worked for 22 years, were 52 (range 36-78) years old, and had inhaled a cumulated amount of 7 mg of silica in the respirable dust fraction. Between 1976 and 1988 the average concentration of respirable quartz in air was 0 16 mg/m3 (threshold limit value (TLV) = 0-10 mg/m3). In 1988 the granite crushers had somewhat lower forced expiratory flows (forced expiratory volume in one secondivital capacity (FEVj/VC) -4-5% and forced midexpiratory flow FEFSO -15%) compared with the referents and a more uneven ventilation distribution (17% higher slope of phase III in the nitrogen single breath curve). Five smoking granite crushers, but none of the referents, had an FEV, < 80% of the predicted. During the 12 year interval the granite crushers had-compared with the matched referents-a greater decrease in FEV1 (-4.6%), FEVIVC (-5.4%), maximal expiratory flow, (-8%) and FEF,o (-14%), and a larger increase in phase III and static compliance (p < 0-02 in all variables). The functional changes suggest the presence of airways obstruction and increased compliance of the lungs. Exposure to silica at concentrations of about twice the present TLV was thus associated with airways obstruction and loss of elastic recoil rather than fibrosis and a restrictive function loss as seen in silicosis. The changes were on average small, but in some tobacco smokers more pronounced changes were found.
(British rournal of Industrial Medicine 1993;50:726-73 1)
Inhalation of silica (SiO2) in crystalline form is a well known cause of the pneumoconiosis, silicosis. The disease is characterised by granulomatous and fibrotic changes and emphysema in the lungs, and is believed to be caused by chronic stimulation of phagocytic cells such as macrophages and the sub- There is a poor correlation between changes in lung function and chest radiographic changes indicating silicosis. In highly exposed populations most workers seem to have obstructive airway changes even if only a minority show evidence of silicosis. 4 In animal studies airway obstructive changes may be found before and independently of silicotic changes.56 Emphysema in subjects exposed to silica seems to be rather independent of silicosis. In 1976 and 1988 Cst and Pel(max) were measured with a latex balloon (10 cm, 3-6 cm perimeter, thickness 0-06 cm) placed in the lower third of the oesophagus. Expiratory flow was controlled at 0-5 1 s-' and was automatically interrupted for 0 4 s every second. The curve displaying exhaled volume and pressure difference between mouth and oesophagus was displayed on an x-y recorder. Cst was computed as the average slope of the interrupted points on the expiratory curve between 50 and 80% of TLC, assuming that the end of inspiration reached TLC.
The criteria for selecting representative values from multiple recordings were: TLC-average of three measurements of thoracic gas volume plus the best of two measurements of inspiratory capacity; RV-TLC minus the highest of two VCs measured in the body plethysmograph; VC-highest of three slow and three forced VC efforts performed with the spirometer; FEV,-highest of three efforts; FEV,/VC-highest FEV, divided by VC (defined above); MVV40-highest from two efforts (best 10 seconds within a 15 second or more effort); MEFhighest value; and FEF,o-average from three efforts with a forced vital capacity within 5% of the highest; CV-average from three efforts with a VC within 5% of the highest; CV/VC-CV divided by the highest VC recorded during the CV test; CC-TLC measured in the body plethysmograph minus the average value of three individual determinations of VC of the closing volume test minus CV; Positive replies to questions about symptoms in the questionnaires were more common among granite crushers than among referents (dyspnoea (granite crushers/referents) 6/1, wheezing in the chest not related to cold or asthma 9/5, chronic cough 10/7). The replies were graded according to severity and if the severity scores were taken into account (ordinal scale) the difference was significant for wheezing (p < 0-02), but only of borderline significance for dyspnoea (p = 0 09). Table 6 shows the average lung function in granite crushers and referents in 1988. Compared with the matched referent population, the granite crushers had significantly lower FEV,/VC, FEF5O, and higher phase III (table 6) .
The changes in lung function (expressed in % of average absolute values of referent subjects) between 1976 and 1988 in granite crushers were compared with the change in referents (figure).
During the 12 years FEV, had decreased 4-6%, FEVN/VC 5 4%, MEF 8&0%, and FEF5O 13-7% more than in referents (p < 0-01 in all variables). The slope of the alveolar plateau had increased by 43% (p = 0-02) and the static compliance had increased by 52% (p < 0-001). The granite crushers had on average a higher CV and CC (statistically non-signficant in 1988), but the referents had increased more in CV and CV/VC between 1976 and 1988 (p < 0 02).
Active granite crushers tended to be younger than non-active workers (mean age 50 v 54, NS) who were not exposed to silica during the entire follow up period, partly due to retirement. Active workers were less exposed (total silica 5-7 g v 8-6 g, p < 0-01) and tended to have less lung function changes. Thus although only of borderline significance (p < 041 for each of the variables listed), the change (compared with referents) was less in active than in non-active granite crushers with regard to FEV1, FEV,/VC, and phase III.
The change in lung function did not correlate significantly with the inhaled dose of respirable quartz in the granite crushers or with age or different smoking measures.
Discussion
The study was designed to investigate possible health effects of exposure to silica dust at concentrations close to the present TLV value. The measured exposure concentrations were on average (-17)
*Granite crushers who were exposed to silica all years 1976-88. The decrease in lung function over the 12 year period seemed to be more pronounced in the group who had not been exposed to silica dust for the entire period (in some due to retirement for reasons of age, in others due to change in job). It is, however, possible that the changes in lung function in retired workers are due to retained silica, and that any changes may continue for a long time after stopping of work. Although the average changes were small in the present study, they need not be trivial as some subjects may be more sensitive than others and because the accelerated decline in lung function may continue for many years, eventually adding up to a significant impact on health in some workers. We therefore suggest that airway obstructive changes, regardless of the presence of silicosis, are considered in the deliberations of TLV values and that both the active and the retired population of workers exposed to silica are included in the evaluation of the impact of silica dust. The present study does not provide sufficient information to judge whether or not the present TLV can be considered to be without impact on health, but the margin, if any, seems to be low. 
